A hybrid approach to phenomenological reconstruction of Complex Systems (CS), using Formal Concept Analysis (FCA) as main tool for conceptual data mining, is proposed. To illustrate the method, a classic CS is selected (cellular automata), to show how FCA can assist to predict CS evolution under different conceptual descriptions (from different observable features of the CS).
Introduction
The task of understanding a phenomenon amounts to find a reasonably precise and concise approximation to this phenomenon and its behavior such that it can be grasped by the human brain. New methods and tools have to be developed in order to assist experimental design and interpretation for: Identifying relevant entities at a given time and space scale, characterizing interactions between entities, and finally assessing and formalizing the system behavior [7] .
Formal epistemology can play a relevant role. An adequate selection of key features and their dynamics specification is the first step in order to reconstruct the phenomena. In multilevel CS, the selection task requires a complex analysis of the different abstraction layers and organization levels. In classical systems as Cellular Automata (CA), the selection is limited by geometric and topological constraints so it could be more feasible. Human observation of CA allows to conjecture simple rules about the local dynamics, in order to explain the system dynamics as well as to isolate key concepts to forecast its evolution. Formal Concept Analysis (FCA) [8] provides tools and methods for extracting semantic features from data. FCA is a mathematical theory for data analysis, using formal contexts and concept lattices as key tools.
The aim of this paper is twofold. On the one hand, to show how FCA is used in the phenomenological reconstruction of CS dynamics, of qualitative nature. On the other hand it also aims to show how the selection of observable features influences the reconstruction, particularly the attributes on objects and interactions. To exemplify this idea, a well-known example, Conway's game of life (GoL), has been selected as running example, although the methodology is applicable to a wide class of CA.
Supported by TIC-6064 Excellence project (Junta de Andalucía) cofinanced with FEDER funds. The next section reviews the basic elements of FCA, focusing on the use of implication basis (and association rules) for reasoning with formal contexts as basic data structure for qualitative observations. Sect. 3 succinctly presents contextual selection reasoning. In Sect. 4 GoL is used to show how CA is modeled by means of FCA which is also applied to a probabilistic Conway's CA variant (Sect. 5). Sect. 6 is devoted to conclusions of the work and related work.
Background: Formal Concept Analysis
According to R. Wille, FCA mathematizes the philosophical understanding of a concept as a unit of thoughts composed of two parts: the extent and the intent. The extent covers all objects belonging to this concept, while the intent comprises all common attributes valid for all the objects under consideration. In this section, we succinctly present basic FCA elements (see [8] for a detailed exposition).
A A (formal) concept is a pair (X, Y ) such that X = Y and Y = X. For example, concepts from formal context about living beings (Fig. 1, center) are depicted as a lattice. Actually in this lattice, each node is a concept, and its intension (or extension) can be formed by the set of attributes (or objects) included along the path to the top (or bottom). For example the node tagged with the attribute Legs represents the concept ({Legs, M obility, N eedW ater}, {Cat, F rog}) (which could be interpreted as the concept land animal in this context).
Knowledge Bases (KB) in FCA are formed by implications between attributes. An implication is a pair of sets of attributes, written as Y 1 → Y 2 . It is true with respect to M = (O, A, I) according to the following definition. A subset T ⊆ A respects
